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Abstract 
Stress intensity factor (SIF) is one of the key parameters on analysing and studying fracture of the important parts such as 
pressure pipeline. This paper studied the surface semi-elliptical crack of thin-walled pipeline in nuclear power station (NPS). 
In order to analyse SIF, the model was established to simulate crack tip stress singularity created by ANSYS finite element. 
Under thermal-stress coupling load, the finite element model’s K value was calculated and compared in the thin-walled 
pipeline entity with in shape ratio of crack (a/b) being 0.6, 0.7 and 0.8. Distribution of crack’s K value and the crack 
propagation tendency were summarized. According to the results, it was declared that the cracks can not expand. 
Consequently, component will serve safety. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Chinese Materials 
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1. Introduction 
Heat exchange tube whose service reliability is directly related to the normal operation of NPS (short for 
nuclear power station) is one of the critical components in NPS. During service, it is possible to occur fracture 
problem caused by corrosion with stress. And the fracture of a primary component such as heat exchange tube 
will result in enormous economic loss. At present, to complex crack problem, finite element method (FEM) of 
numerical analysis is adopted in general engineering. This method can be calculated by computer conveniently, 
meanwhile the result is quite accurate. Combined with fracture mechanics theory and numerical result, it can 
judge the service safety of containing crack component. It’s great practical to calculate SIF. Stress intensity factor 
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[1-4] is one of the important parameters to estimate fatigue crack propagation life. The simulation of crack 
propagation has very high application value in the engineering. 
2. Create three-dimension finite element model 
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Fig. 1. (a) Half 3D finite element mesh model; (b) Description crack parameters  
 
Fig. 2. (a) Crack front size of the impact on KI; (b) Comparison of manual values with FEM values  
Due to symmetrical structure and load, the outer surface crack is classified as Mode I (Open Mode) named 
semi-elliptical crack in this paper. Firstly, to solve the fracture problem, it must be considered how to establish 
model reasonably by FEM. It is well known that the square-root stress singularity [2] along the surface crack tip. 
Therefore, the element types combining 3D isoparametric collapsed singular element with normal element are 
selected to gain the model. A simulation model is established directly by APDL. Secondly, because there’s 
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thermal load, both thermal and structure element types are used. Furthermore, the order which can switch thermal 
element type to structure one has to be employed obviously. It’s beneficial to use APDL in the process of 
analysis, and it will be efficient and feasible to control model parameters and implements of various loads. 
Finally, in it, structure size of the component is Φ50×3×290. The material is INCONEL 690, which is a kind of 
austenitic size Ni-based corrosion resistant alloy. That material is in the nature of more excellent such as the 
stress corrosion cracking resistant capability than that of 600 and 304, which provides favorable conditions for 
substitution of others in NPS. Now, it’s necessary to describe rationality of the Model. Based on reference [5] 
and Fig.2, the reasonable scale of crack tip size is determined, that is one-eighth. Error of values between Manual 
and FEM is (2~9) % or so. It’s enough for engineering simulation and analysis. The ultimate expanded model is 
shown in Fig.1. In additional, the diagram of crack position and depth also is displayed in Fig.1. 
3. Fracture mechanics finite element analysis 
Table 1. Compositions and values of different types of loads 
NO. 
Compositions and values of different types of loads 
Tensile(Mpa) Internal Pressure(Mpa) External Pressure(Mpa) Inside Temperature(0C) Outside Temperature(0C) 
1 5 3 3 300 250 
2 -5 3 3 300 250 
3 5 3 1 300 250 
4 5 1 3 300 250 
5 1 3 3 300 250 
6 10 3 3 300 250 
7 5 3 3 305 250 
8 5 3 3 295 250 
9 5 5 3 300 250 
10 5 3 5 300 250 
11 5 3    
12 5  3   
13 5 3 3   
14 5     
15 -5     
 
This paper takes the model whose parameters are a/t, short for ratios of crack depth to wall thickness, are 
respectively 1/3, 5/12 and 1/2 and a/b, short for the shape ratios, are respectively 0.6, 0.7 and 0.8 to analyze the 
finite results under different loads (See Table 1). 
3.1. KI value changes with the variation of crack depth 
Fig. 3 shows that KI value changes with the variation of crack depth. Adoption of the following analysis can 
know Observing: In Fig. a), with the same crack depth, from the crack tip point A to point B ,the KI values firstly 
reduced to minimums (θ is about ± 50°) and then rapidly rise, and reach their maximums at crack free surface 
point B. But, it show that figures rise directly in Fig. b) and c), which is different from the case of Fig. a). 
Comprehensively, it’s easy to see: on the whole, with crack depth increases, curves of KI values at the same 
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location present increasing trend, and become flatter. The crack will eventually expand in a range of shape ratio. 
 
                
(a) Shape ratio, a/b, is 0.6;                                                         (b) Shape ratio, a/b, is 0.7 
 
                   
(c) Shape ratio, a/b, is 0.8;                                                  (d) Crack depth, a, is 1.5 mm 
Fig. 3. KI value changes with the variation of crack depth 
3.2. KI value changes with the variation of different load 
Fig.4 shows that KI value changes with the variation of different load. As can be seen clearly: the KI values of 
load 1 and 2 are greater than other mechanical loads. 
Trends have changed a lot. Trend of coupling load 2 is as same as load 1, however, KI value of load 2 is 
94.669 MPamm0.5 which is clearly smaller than 105.78 MPamm0.5 of load 1. From load 11 to 14, the KI 
maximums range from 5.55 to 5.83 MPamm0.5. The maximum KI value of load 1 is roughly 20 times as large as 
that of mechanical loads. In addition, compared bore external pressure to internal pressure, model has been 
withstood a greater impact when the crack depth is smaller. 
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(a) Under Load 1, 2 and 11~14;                                                              (b) Under Load 11~14 
Fig. 4. KI value changes with the variation of different load 
3.3. KI value changes with the fluctuations of different type compositions in coupling load 
 
Fig. 5. KI value changes with the fluctuations of different type compositions in coupling load 
During service process, the changes in the environment of heat exchange tube is exposed to heat-stress 
coupling will have on its production life what kind of impact. The following is research and analysis of impact of 
the fluctuations of different type compositions in coupling load. 
Firstly, known by the curves 1, 3, 4, 9 and 10 whose KI values are respectively 105.78, 105.53, 105.89, 105.67 
and 106.03 MPamm0.5, fluctuations of pressure load have a smaller effect on the KI values. Secondly, known by 
the curves 1, 5 and 6 whose KI values are respectively 105.78, 101.34 and 111.34 MPamm0.5, fluctuations of 
axial tensile load have a greater impact on the KI values. Thirdly, known by the curves 1, 7 and 8 whose KI 
values are respectively 105.78, 115.78 and 95.779 MPamm0.5, even smaller fluctuations of thermal difference 
between inner and outer wall load can have a very significant effect on the KI values. 
Thus, thermal load compared with the other loads plays a dominant role in affecting the stress distribution 
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under coupling one. So, during service and before crack initiation even extension, observation detection should 
be paid more attention to. The component should try to avoid a larger work load fluctuations in the emergence of 
a particular category, especially the emergence of the peak load. 
4. Security service evaluation 
Literature [6] points out, when the difference of SIF, ΔK, is less than fatigue crack propagation threshold value 
ΔKth, crack will be in stable state and won't expand. 
According to document [7], in case of R is -1, nickel-based alloy of ΔKth is about (197.96~200.9) MPamm0.5. 
In the above results, known by a/b is 0.8 and a is 1 mm, ΔK is 105.78 MPamm0.5 under load 1. Known by the 
criterion ΔK<ΔKth, the crack will not expand. So, for this contain crack model can completely calculate the static 
life based on the traditional method. Similarly, in this paper, other models would not have expanded. In 
conclusion, component can service security. 
5. Conclusion 
The paper has established the model containing the singular element with outer surface semi-elliptical crack 
which can simulate 3D crack extension well using APDL. It has calculated and analyzed comprehensively the 
distribution and crack propagation laws of KI values under coupling load. The most important conclusion is that: 
The influence of the thermal composition’s relative difference on KI value is greater than that of other 
compositions in coupling load. Therefore, the thermal relative difference should be noted particularly and 
avoided in engineering. And component can service security. 
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